I. INTRODUCTION
Stroke is a leading cause of serious, long-term disability in the United States accompanied by heavy social and economic burden. In 1997, $3.8 billion ($5,955 per discharge) was paid to Medicare beneficiaries discharged from short-stay hospitals for stroke [l] . Studies done on carotid arteries suggest that the morphology and composition of atherosclerotic plaque is predictive of stroke risk caused by emboli or thrombi due to plaque rupture or fissuring. There are currently many techniques being' evaluated for diagnosis of atherosclerotic plaque such as magnetic resonance imaging (MRI), optical coherence tomography (OCT) and ultrasound, especially intravascular ultrasound (IWS) [2].
BACKGROUND

A. De$nition of Integrated Bachcatter (IBS)
The broadband integrated backscatter (IBS) is a measure of signal strength [3] . IBS calculates the normalized energy of the radio frequency (RF) backscatter signal for a given sample volume. Using IBS we can minimize the random fluctuation in the RF signal amplitude while maintaining adequate spatial resolution. IBS has been used successfully in biomedicine as well as in nondestructive evaluation (NDE) applications.
The definition for IBS, used in this paper, is closely related to the form presented by O'Donnell [3] where P o is the Fourier transform of p(t), and p(t) is the impulse response of the transducer in pulse-echo mode, obtained with a perfect reflector placed at the location of the sample volume. We assume homogeneity and no attenuation in the medium between the transducer and the reflector in order to determine p(t). The signal vsample ( 4 is defmed as the windowed received signal, which extracts the backscattered signal from. the sample volume of interest (= arterial wall region) and VsamPleo as the corresponding Fourier transform.
B. Concept of absolute IBS measurement
_.
In order to use the IBS from a wall structure echo to differentiate between stable and vulnerable plaques we need to overcome the effect of acquiring the RF signals through an aberrating tissue layer (see Fig. 1 ). This will be achieved by using the IBS from arterial blood as a reference backscatter. Given that a range cell in blood is adjacent to a range cell placed over the arterial wall region of interest, the scattering and aberrating effects of the overlying tissue layers will be nearly the same for signals from both range cells.
The basis for using the IBS from arterial blood as a normalizing parameter is based on the fact that it is nearly constant from person to person because the red blood cell (RBC) aggregation is minimal; in [4] it is proven that the variance of the IBS estimate of the blood backscatter signal can be quantified and reduced to a specified tolerable level.
Selected range cells Figure 1 . Concept of the measurement of the absolute value of the integrated backscatter (or angle scatter) of plaque interfaces.
C. Procedure for Absolute Calibration
The absolute backscatter level of an arterial wall structure (J wal1,abs can be determined as:
where IBSwall and IBSblood are determined according to (1) and where IBsbloodref is a pre-stored blood backscatter value, as measured with a specified ultrasound transducer. Furthermore Ewall is the energy of the wall structure echo and Eblood is the mean energy of the backscattered signal from blood.
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EXPERIMENTAL SETUP
A commercial HP ultrasound (US) scanner has been interfaced with a personal computer (PC) that controls imaging parameters, data acquisition and analysis (see Fig. 2) .
A phantom vessel (silicon rubber tube) with synthetic lesions is placed in a measurement tank which is connected to a flow system containing blood mimicking fluid (BMF). Between the vessel and the transducer is either water or an inhomogeneous medium (beef or inhomogeneous soft tissue phantom).
.The PC controls the US scanner through the serial communication port and transfers the acquired data from a Logic Analyzer using an Ethernet connection.
A. Data acquisition
All measurements are normalized to a specific power setting and time gain compensation (TGC) gain by means of calibration tables. Care is taken to ensure that all measurements are performed in the linear region. RF data sets are acquired with a pulse repetition frequency (Pw) of 2 kHz.
B. Clutter removal and lumen detection
The location of the lumen is determined by acquiring a -sequence of consecutive RF signals (normally 100) containing the backscatter signal from the vessel region and building a data matrix with each data set as a column. By high-pass filtering the rows of the matrix, the nearly stationary clutter signal is removed, leaving behind the time-varying stochastic backscatter signal from blood or BMF. This lumen detection method can be advantageous when the lumen width is not constant, such as in stenosis or irregular vessel shapes.
The IBS of the vessel wall region of interest is calculated directly using the "wall acquisition" data, while the estimated mean IBS of the BMF is found after clutter removal using the "lumen acquisition" data. These IBS are then normalized to . compensate for powerlgain settings. 
C. Other signal processing steps
In order to account for the possible presence of air bubbles in the hydraulic system, data sets with abnormal amount of energy are rejected.
IV. RESULTS
The results are in the form of IBS profiles (IBS versus lateral beam position). Specifically, conventional IBS profiles, i.e. profiles not normalized with the IBS of the blood-mimicking jluid, have been measured for phantom vessels containing lesions, with and without an intervening inhomogeneous medium; these results are contrasted with the corresponding normalized IBS profiles. For a given vessel, the normalized and non-normalized IBS profiles measured through water are similar (apart from a scale factor). With the inhomogeneous tissue present, the non-normalized IBS profile is corrupted by phase aberration and differs dramatically from the profiles obtained through water. Most importantly, we have shown that the normalized IBS profile with the inhomogeneous tissue present resemble closely the IBS profiles measured through water.
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